Exposure to 4-aminopyridine prevents depressant effects of opiates on sensory-evoked dorsal-horn network responses in spinal cord cultures.
The depressant effects of morphine (0.1-1 microM) on sensory-evoked dorsal-horn network responses in explants of mouse spinal cord with attached dorsal root ganglia (DRGs) were rapidly restored after addition of 4-aminopyridine (4-AP; 0.1 mM) and major components of these cord responses were stably maintained in the presence of the opiate. Moreover, prior exposure of cord-DRG explants to 0.1 mM 4-AP prevented the depressant effects of 0.1 microM morphine on DRG-evoked dorsal-horn responses, and the effects of 1-10 microM morphine were at least partly antagonized. Increased Ca++ levels (5 microM) attenuated the depression of dorsal horn responses by 1-10 micro M morphine and these effects of Ca++ were greatly enhanced in the presence of 4-AP--in some cultures, concentrations of morphine as high as 100 micro M were strongly antagonized during test periods up to 2 hours. Receptor assays showed that 0.1 mM 4-AP +/- 5 mM Ca++ had no effect on stereospecific opiate binding, indicating that the antagonist actions of these agents in our cultures do not occur at the level of the opiate receptor. The relevance of our in vitro studies of 4-AP antagonism of opiate-depressant effects on sensory-evoked dorsal-horn network responses for analyses of problems in opiate analgesia has been strengthened by a recent report demonstrating that 4-AP does, in fact, reverse morphine analgesia in rats, as determined by tail flick tests.